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METHOD FOR CONTROLLING 
COMPRESSION IGNITION INTERNAL 

COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for controlling 

a compression ignition internal combustion engine. 
2. Description of the Related Art 
In recent years, in order to reduce a fuel ef?ciency and 

discharge of an internal combustion engine, a compression 
ignition internal combustion engine represented by a homo 
geneous-charged compression ignition internal combustion 
engine has been studied. However, the above described 
compression ignition internal combustion engine has diffi 
culty in controlling the timing of ignition, in contrast to a 
spark ignition type internal combustion engine. In addition, 
the above described compression ignition internal combus 
tion engine tends to cause knocking When a demand load of 
the engine is increased in case Where fuel With high ignit 
ability is used, and tends to cause ?ame off When a demand 
of the engine is decreased in case Where fuel With loW 
ignitability is used. 

In order to solve the above described problem, a technol 
ogy has been conventionally knoWn Which provides a fuel 
With high ignitability and another fuel With loW ignitability, 
mixes the fuels, and supplies the mixture to the above 
described compression ignition internal combustion engine 
(see, for instance, Japanese Patent Laid-Open No. 2001 
355471). According to the above described technology, the 
compression ignition internal combustion engine can be 
stably operated in a Wide range of demand load, by adjusting 
a mixing ratio of the fuels depending on the demand load 
thereof. HoWever, the above described technology requires 
the internal combustion engine system to comprise a plu 
rality of tanks for separately accommodating each of the 
fuels With high ignitability and loW ignitability. 

In contrast, a technology has been knoWn Which uses a 
single fuel, and a part of the fuel is partially oxidiZed to 
produce an ignition inhibitor When the demand load of the 
compression ignition internal combustion engine is 
increased (see, for instance, Japanese Patent Laid-Open No. 
2000-213444). In the above described technology, speci? 
cally, a part of a hydrocarbon-based fuel such as gas oil is 
partially oxidiZed to produce an ignition inhibitor such as 
formaldehyde, and has an advantage that only one fuel tank 
is required in the internal combustion engine. 

HoWever, this technology has an inconvenience of requir 
ing a long period of time and a high temperature for a 
reaction of partially oxidiZing the above described hydro 
carbon such as gas oil to produce formaldehyde. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method 
of controlling a compression ignition internal combustion 
engine Which uses a single fuel but can easily cope With a 
Wide range of demand load, so as to solve the above 
inconvenience. 

In order to achieve the above object, a method in the 
present invention for controlling a compression ignition 
internal combustion engine in Which an oxygen-containing 
gas and a fuel capable of compression self-ignition are 
introduced into a cylinder and are compressed for self 
ignition, the method comprising the steps of: preparing fuel 
containing an ignition enhancer in the compression ignition 
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2 
internal combustion engine; loWering the ignitability of the 
fuel in accordance With the increase of the demand load of 
the compression ignition internal combustion engine, by 
thermally decomposing one part of the ignition enhancer 
included in the fuel; and supplying the fuel having the a 
loWer ignitability to the compression ignition internal com 
bustion engine. 
A method according to the present invention employs the 

above described fuel Which includes the above described 
ignition enhancer; as a result, has high ignitability and does 
not cause ?ame off and the like even When the demand load 
of the compression ignition internal combustion engine is 
decreased; and can stably operate the compression ignition 
internal combustion engine. 
On the other hand, a method according to the present 

invention thermally decomposes one part of the above 
described ignition enhancer, When the demand load of the 
compression ignition internal combustion engine is high. 
The ignition enhancer does not need to be reacted for a long 
period of time at a high temperature, in contrast to partial 
oxidation of hydrocarbon and the like, and is decomposed in 
a short time When heated. 

When the above described ignition enhancer is decom 
posed, the ignitability of the above described fuel is rela 
tively loWered in comparison With that containing the igni 
tion enhancer of a not-yet-decomposed state. Accordingly, 
by supplying the fuel With relatively loWer ignitability due 
to the thermal decomposition of the above described ignition 
enhancer, to the compression ignition internal combustion 
engine, a method according to the present invention can 
stably operate the compression ignition internal combustion 
engine Without causing knocking or the like, even When the 
demand load of the compression ignition internal combus 
tion engine is high. 
The above described fuel capable of compression self 

ignition includes a hydrocarbon-based fuel including: an 
existing fuel such as gas oil, kerosene and gasoline; and a 
synthetic fuel such as dimethyl ether and heptane. Particu 
larly, the above described heptane is included in a naphtha 
fraction obtained through a liquefaction (GTL: gas to liquid) 
process of a natural gas, has a loW boiling point, is easily 
synthesiZed, and accordingly is suitable for the fuel for a 
compression ignition internal combustion engine. 
The above described ignition enhancer for the above 

described fuel includes one compound selected, for instance, 
among di-tert-butyl peroxide Which is an organic peroxide, 
2-ethylhexyl nitrate Which is a nitric ester, n-pentyl nitrite 
Which is a nitrite ester, and 2,2-aZobis(2,4-dimethylvaleroni 
trile) Which is an aZo compound. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing one embodiment of a 
method for controlling a compression ignition internal com 
bustion engine according to the present invention; and 

FIGS. 2 to 4 are block diagrams shoWing other embodi 
ments of a method for controlling a compression ignition 
internal combustion engine according to the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the next place, embodiments according to the present 
invention Will be described in further detail With reference to 
the attached draWings. 
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A control method according to the present embodiment 
can be conducted by using a compression ignition internal 
combustion engine 1 shoWn in FIG. 1. The compression 
ignition internal combustion engine 1 has a fuel tank 2 Which 
accommodates a fuel containing an ignition enhancer and is 
connected to the compression ignition internal combustion 
engine 1 through feeding ducts 3 and 4. The feeding duct 3 
is connected to the compression ignition internal combustion 
engine 1, and the feeding duct 4 has a thermal decomposi 
tion device 5 for thermally decomposing the above 
described ignition enhancer on the Way to the combustion 
engine 1. The feeding ducts 3 and 4 have respectively ?oW 
control valves 6 and 7 installed on the Way closer to the fuel 
tank 2 (installed in betWeen the fuel tank 2 and the thermal 
decomposition device 5, in the feeding duct 4). 
A fuel to be accommodated in the fuel tank 2 includes, for 

instance, a hydrocarbon such as heptane (C7Hl6); and the 
above described ignition enhancer includes one compound 
selected from di-tert-butyl peroxide Which is an organic 
peroxide, 2-ethylhexyl nitrate Which is a nitric ester, n-pen 
tyl nitrite Which is a nitrite ester, and 2,2-aZobis(2,4-dim 
ethylvaleronitrile) Which is an aZo compound. This method 
can employ an electric fumace for the thermal decomposi 
tion device 5. 

At ?rst, When the compression ignition internal combus 
tion engine 1 has a loW demand load, a control method 
according to the present embodiment closes the How control 
valve 7, opens only the How control valve 6, and directly 
supplies the above described fuel accommodated in the fuel 
tank 2 to the compression ignition internal combustion 
engine 1 through the feeding duct 3. Hence, the above 
described fuel has improved ignitability because of includ 
ing the above described ignition enhancer, and accordingly 
does not cause ?ame olf or the like, so that the control 
method can stably operate the compression ignition internal 
combustion engine 1. 

Next, When the compression ignition internal combustion 
engine 1 has a high demand load, this control method opens 
a How control valve 7 at a rate determined by the magnitude 
of the demand load, and supplies a part of the fuel accom 
modated in the fuel tank 2 to the compression ignition 
internal combustion engine 1 through the thermal decom 
position device 5. Hence, the above described fuel has a 
loWer ignitability in comparison With the fuel including the 
ignition enhancer as it is, because the above described 
ignition enhancer is decomposed due to heating of the above 
described fuel in the thermal decomposition device 5. 
As a result, the fuel Which contains the above described 

ignition enhancer and has improved ignitability is supplied 
to the compression ignition internal combustion engine 1 
through the feeding duct 3, and the fuel Which has the loWer 
ignitability due to the thermal decomposition of the above 
described ignition enhancer is supplied thereto through the 
feeding duct 4. At this moment, the control method controls 
openings of How control valves 6 and 7 to appropriately 
adjust a ratio of the fuel having the improved ignitability to 
the fuel having the loWer i gnitability, and thereby loWers the 
ignitability of the fuel supplied to the compression ignition 
internal combustion engine 1 depending on the magnitude of 
the demand load of the compression ignition internal com 
bustion engine 1. Accordingly, the control method can stably 
operate the compression ignition internal combustion engine 
1 Without causing knocking or the like, even When the 
compression ignition internal combustion engine 1 has a 
high demand load. 
A compression ignition internal combustion engine 1 

shoWn in FIG. 1 has ?oW control valves 6 and 7 installed in 
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4 
feeding ducts 3 and 4, to adjust a ratio of the fuel having 
improved ignitability to the fuel having the loWer ignitabil 
ity. As shoWn in FIG. 2, hoWever, it is also acceptable to 
provide a How control device 9 betWeen the fuel tank 2 and 
the thermal decomposition device 5, Where the How control 
device 9 is connected to the fuel tank 2 through a main 
feeding duct 8, and to branch the feeding ducts 3 and 4 from 
the How control device 9. In the compression ignition 
internal combustion engine 1 shoWn in FIG. 2, the How 
control device 9 adjusts the ratio of the fuel having the 
improved ignitability to the fuel having the loWer ignitabil 
ity. 

It is also acceptable to provide a mixing adjusting device 
10, as shoWn in FIG. 3, betWeen the thermal decomposition 
device 5 and the compression ignition internal combustion 
engine 1, Where the mixing adjusting device 10 is connected 
With feeding ducts 3 and 4, and to connect the mixing 
adjusting device 10 With the compression ignition internal 
combustion engine 1 through the main feeding duct 8. In the 
compression ignition internal combustion engine 1 shoWn in 
FIG. 3, the mixing adjusting device 10 mixes the fuel having 
improved ignitability With the fuel having the loWer ignit 
ability at a predetermined rate, and supplies them to the 
compression ignition internal combustion engine 1. 

Furthermore, it is acceptable to provide an auxiliary tank 
11 for accommodating the fuel having the loWer ignitability, 
as shoWn in FIG. 4, betWeen the thermal decomposition 
device 5 in the feeding duct 4 and the compression ignition 
internal combustion engine 1, and to provide the How 
control valve 7 betWeen the auxiliary tank 11 and the 
compression ignition internal combustion engine 1. The 
compression ignition internal combustion engine 1, shoWn 
in FIG. 4, can quickly cope With a higher demand load of the 
compression ignition internal combustion engine 1, by sup 
plying the fuel having the loWer ignitability, Which has been 
previously accommodated in the auxiliary tank 11, to the 
compression ignition internal combustion engine 1 through 
the How control valve 7. Here, the ratio of the fuel having the 
improved ignitability to the fuel having the loWer ignitability 
is controlled by adjusting the openings of the How control 
valves 6 and 7. 
A control method according to the present embodiment 

can employ a fuel consisting of 98 Wt. % heptane as the main 
fuel and 2 Wt. % di-ter‘t-butyl peroxide as the ignition 
enhancer, a fuel consisting of 99 Wt. % kerosene as the main 
fuel and 1 Wt. % di-ter‘t-butyl peroxide as the ignition 
enhancer, or the like, as the fuel accommodated in the fuel 
tank 2. 

In the next place, examples according to the present 
invention Will be shoWn. 

EXAMPLE 1 

In the present example, ignitabilities for a case (fuel A) in 
Which di-tert-butyl peroxide is not decomposed and for a 
case (fuel B) in Which di-ter‘t-butyl peroxide has been 
thermally decomposed Were compared With the fuel con 
sisting of 98 Wt. % heptane as the main fuel and 2 Wt. % 
di-ter‘t-butyl peroxide as the ignition enhancer. The fuel B in 
Which di-ter‘t-butyl peroxide has been thermally decom 
posed Was prepared by passing the fuel A in Which di-ter‘t 
butyl peroxide is not decomposed in the thermal decompo 
sition device 5, making the fuel A stay in the thermal 
decomposition device 5 at 2800 C. for one second to 
thermally decompose the same, and then cooling the same 
for liquefaction. As a result of measurement With gas chro 
matography on the thermally decomposed rate of di-ter‘t 
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butyl peroxide in the fuel B prepared in the above described 
condition, it Was con?rmed that the di-tert-butyl peroxide 
Was all thermally decomposed, and in other Words the 
thermal decomposition rate Was 100%. 

The above described ignitabilities Were compared on the 
ignition-delayed period, Which Was measured as a period of 
time after each of fuels A and B Was injected into a 
combustion chamber With a pressure of 2 MPa and a 
temperature of 500° C. until the pressure increased by 0.02 
MPa. As the ignition-delayed period is shorter, the ignitabil 
ity is higher. 

For comparison, the ignition-delayed period Was also 
measured for the fuel C Which does not contain di-tert-butyl 
peroxide as an ignition enhancer at all but consists only main 
fuel, in a method similar to above. The results are shoWn in 
Table 1. 

EXAMPLE 2 

In the present example, ignitabilities for a case (fuel A) in 
Which di-tert-butyl peroxide is not decomposed and for a 
case (fuel B) in Which di-ter‘t-butyl peroxide has been 
thermally decomposed Were compared in the completely 
same condition as in Example 1, except that the used fuel 
contains 99 Wt. % kerosene as a main fuel and 1 Wt. % 
di-ter‘t-butylperoxide as an ignition enhancer. 

For comparison, the ignition-delayed period Was also 
measured on the fuel C Which does not contain di-tert-butyl 
peroxide as an ignition enhancer at all but consists only main 
fuel, in a method similar to above. The results are shoWn in 
Table 1. 

TABLE 1 

Ignition-Delayed 
time ms 

Example 1 Example 2 

Fuel A 3.65 5.43 
Fuel B 5.73 7.72 
Fuel C 5.71 7.68 

In Table 1, fuel A Which contains a main fuel and 
di-ter‘t-butyl peroxide as the ignition enhancer obviously 
shoWs a shorter ignition-delayed period than fuel C Which 
does not contain the ignition enhancer at all and consists 
only main fuel, and shoWs an effect of improving ignitabil 
ity. 
On the other hand, the fuel B Which has thermally 

decomposed di-ter‘t-butyl peroxide contained in the fuel A 
obviously shoWs an approximately equal ignition-delayed 
period to fuel C Which does not contain the ignition enhancer 
at all and consists only main fuel, and shoWs an effect of 
loWering ignitability. 

In the present embodiment, the used fuel contains di-ter‘t 
butyl peroxide as an ignition enhancer, but may contain any 
one of 2-ethylhexyl nitrate Which is a nitric ester, n-pentyl 
nitrite Which is a nitrite ester, and 2,2-aZobis(2,4-dimeth 
ylvaleronitrile) Which is an aZo compound, as the ignition 
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6 
enhancer. In addition, a ratio of the above described ignition 
enhancer to the above described main fuel has only to be in 
such a range as to provide an effect of improving ignitability 
by containing the ignition enhancer, and is not limited to the 
ratio shoWn in the above described Examples 1 and 2. 

In addition, in Examples 1 and 2, the above described 
ignition enhancer is thermally decomposed in the thermal 
decomposition device 5 at 2800 C. in one second of resi 
dence time, but any condition of thermal decomposition may 
be suitable if the ignition enhancer can be thermally decom 
posed Within a practical period of time. The condition is not 
limited to the temperatures and periods of time indicated 
above. 
What is claimed is: 
1. A method for controlling a compression ignition inter 

nal combustion engine in Which an oxygen-containing gas 
and a fuel capable of compression self-ignition are intro 
duced into a cylinder and are compressed for self-ignition, 
the method comprising the steps of: 

providing a fuel containing an ignition enhancer for the 
compression ignition internal combustion engine; 

thermally decomposing a part of the ignition enhancer 
included in the fuel to make the fuel less ignitable as the 
compression ignition internal combustion engine has a 
higher demand load; and 

supplying the fuel having the loWer ignitability to the 
compression ignition internal combustion engine. 

2. The method for controlling the compression ignition 
internal combustion engine according to claim 1, Wherein 
the fuel capable of compression self-ignition is a hydrocar 
bon-based fuel. 

3. The method for controlling the compression ignition 
internal combustion engine according to claim 2, Wherein 
the hydrocarbon-based fuel is one selected from the group 
consisting of gas oil, kerosene, gasoline, dimethyl ether and 
heptane. 

4. The method for controlling the compression ignition 
internal combustion engine according to claim 1, Wherein 
the ignition enhancer is one selected from the group con 
sisting of an organic peroxide, a nitric ester, a nitrite ester 
and an aZo compound. 

5. The method for controlling the compression ignition 
internal combustion engine according to claim 4, Wherein 
the organic peroxide is di-tert-butyl peroxide. 

6. The method for controlling the compression ignition 
internal combustion engine according to claim 4, Wherein 
the nitric ester is 2-ethylhexyl nitrate. 

7. The method for controlling the compression ignition 
internal combustion engine according to claim 4, Wherein 
the nitrite ester is n-pentyl nitrite. 

8. The method for controlling the compression ignition 
internal combustion engine according to claim 4, Wherein 
the am compound is 2,2-aZobis(2,4-dimethylvaleronitrile). 

9. The method for controlling the compression ignition 
internal combustion engine according to claim 1, Wherein 
the ignition enhancer is thermally decomposed in an electric 
furnace. 


